Pellethane@ 2363 60Afilms and tubings were chemically modified and the effect of these modifications on platelet deposition was studied. Grafting of high molecular weight poly(ethylene oxide) and graft polymerization of methoxy poly(ethylene glycol) 400 methacrylate resulted in surfaces with a good water wettability. The increased hydrophilicity of these modified surfaces could be demonstrated by contact angle measurements. The platelet deposition was investigated with tubings in a capillary flow system, using different types of perfusates. Platelet deposition from a buffer-containing perfusate on surfaces modified with either high molecular weight poly(ethylene oxide) or methoxy poly(ethylene glycol) 400 methacrylate was almost absent and less than on Pellethane 2363 60A. Using a titrated plasmacontaining perfusate the amount of deposited platelets on Pellethane 2363 60A modified with high molecular weight poly(ethylene oxide) was low and about the same as on unmodified surfaces. However, a marked reduced platelet deposition compared to unmodified Pellethane 2363 60A was found when the platelets were activated by Ca2+ ionophore. The improved blood compatibility of the modified Pellethane 2363 60A tubings obviously indicates the favourable effect of the presence of grafted PEG on the surface.
Poly(ethylene oxide) (PEO) is more and more regarded as a polymer with interesting blood contacting properties. The low affinity of PEO for proteins and other blood components has stimulated many investigators to study the interactions of blood and biomaterials based on PEOle7.
In an attempt to improve the blood compatibility of a commercial copolyether urethane, Pellethane@ 2363 80A (Pell80A). several techniques for grafting PEO onto Pell80A were investigated. Grafting of high molecular weight PEO with dicumyl peroxide (DCP) and graft polymerization of methoxy poly(ethylene glycol) 400 methacrylate (M PEGMA-400) were examined. The first method is based on crosslinking of high molecular weight polyethers. Cross-linked blends of poly(propylene oxide) and PEO have shown a good blood compatibility4. Surface analysis of these blends suggested that the good blood contacting properties of these materials may be ascribed to preferential presence of PEO at the polymer-water interface'. In the present work, Pell 80A substrates were dipped in a solution of PEO and DCP. After drying, the PEO/DCP coated substrates were UV or heat treated in order to form a network of PEO and Pell Correspondence to Dr L. van der Does.
80A. Part of the work on heat treatment of PEO/DCP coated Pell 80A substrates has been reported previouslyg.
For the second approach, we studied the possible use of the controlled oxidation technique for grafting MPEGMA-400. Using this method, graft polymerization of 2-hydroxyethyl methacrylate (HEMA) on to polyurethanes has been described by Feng et al.lG. Because of the analogy in chemical structure between HEMA and MPEGMA-400, it was hypothesized that MPEGMA-400 could also be grafted by the controlled oxidation technique. However, Feng used relatively high initial monomer concentrations (2 M) for the grafting of HEMAand these conditions cannot be applied for the graft polymerization of MPEGMA-400.
The grafting of methacrylates at low initial monomer concentrations was therefore studied, using HEMA as a model compound for MPEGMA-400.
Modification of Pell 80A films and tubings was investigated. Contact angles were determined to study the properties of modified films and tubings.
Finally, the effect of PEO modification of the luminal side of Pell 80A tubings on platelet deposition in vitro was investigated. The platelet deposition was studied in a capillary flow system, the characteristics of which have been described previously' ' 
Characterization of modified films-contact angle measurements

RESULTS
Modification of films with poly~ethyiene oxide)
Pelt 80A films, cast from THF solutions, had contact angles of 60-65". After washing with MeOH for 48 h, values of 55-60" were observed. In the absence of PEO and DCP, UV or heat treatment resulted in films showing about the same contact angle as untreated films (Table 1 , experiments 1 and 2). When Pellethane films were modified in the presence of PEO and DCP UV as well as heat treatment, films were obtained with increased hydrophilicity (experiments 4,5 and 6). DCP was added to the PEO solution because it was expected to act as a cross-linker. However, from experiments 7, 8 and 9, it can be seen that even without DCP, a substantial decrease of the contact angle was observed. Because CH2C12 was supposed to be more effective than water in removing uncross-linked PEO and decomposition products of DCP, films were treated identically, but after treatment washed with water or with CH2C12. However, the differences were small, as can be seen from experiments 2 and 3, 5 and 6 and from 7 and 8.
Modification of films by graft polyme~zation of methacrylates
Graft polymerization of HEMA on Pell80A films was studied to obtain information on the grafting conditions for MPEGMA-400. Although, even in the absence of HEMA, a decrease of the contact angle of the Pell 80A films was observed, more hydrophilic surfaces were obtained using HEMA in concentrations of 0.05-o. 10 M. Using the same conditions a large decrease of the contact angle was observed with MPEGMA-400 with an initial concentration of 0.1 M ( Table 2) .
Modification of the luminal side of tubings
The luminal side of the Pell 80A tubings was modified with PEO/DCP (thermally induced cross-linking) and by graft polymerization of M PEGMA-400. A successful modification of the luminal side of the tubings could be qualitatively demonstrated by capillary rise (Table 3) . It shows that PEO or M PEGMAgrafting only occurred with Pell80A tubings prerinsed with methanol (Pell80A-MeOH).
From the height 
Platelet deposition studies
The results of the platelet deposition studies with perfusate A (buffer) are given in Figure 1 . It shows that washing with methanol resulted in an increased platelet deposition. For both Pell 8OA-MeOH/PEO/DCP and Pell 80A-MeOH/ MPEGMA-400, low amounts of deposited platelets were found with values close to the detection limit of our test system. (Table 3) .
Platelet deposition studias
The platelet deposition to the luminal side of Pell 80A tubings was studied, to evaluate the effect of grafted PEO on blood compatibili~.
Using a capillary flow system, the interaction of platelets with artificial surfaces was investigated under conditions of laminar flow and physiological shear rates. Buffer and plasma were applied as a suspending medium forthe platelets and red cells in the perfusate. Since platelet deposition in vim is always preceded by protein adsorption, it seems more relevant to study platelet deposition in vitro with plasma~ontaining perfusates. However, when plasma is used, the employed anticoagulant may influence platelet deposition. Our findings with different types of perfusate show that the platelet deposition depends on both the biomaterial and the type of per-fusate.
When platelets and red cells were resuspended in buffer, platelet deposition to Pell8OA-MeOH/PEO/D~P and Pell 8OA-M~H~PEGMA-400 was negligible and less than on Pell 80A (Figure 7) . This favourable effect upon platelet deposition might be explained in terms of an increased hydrophilicity of the surfaces, because, after modification of Pell 80A-MeOH with PEO/DCP or MPEGMA-400, the air-water contact angle had decreased from 55 to 60" to approximately 30". However, besides the increased hydrophilicity, the inertness of PEO itself and/or the high mobility of PEO chains in water may play a role3, '. Considering the results of Figure 1 , it seems that both surface modifications, grafting with PEO/DCP and graft ~lymerization of M PEGMA-400, have the same favourable effect on platelet deposition. Because grafting of PEO with DCP was the most easy to handle, we decided to focus our attention on this surface modification technique.
Experiments with platelets, resuspended in titrated plasma (Figore 2). showed that platelet deposition to Pell 8OA-MeOH/PEO/DCP and Pell8OA was almost absent. A low platelet deposition to Pell8OAfrom a plasma~ontaining perfusate might be ascribed tofavourable protein adsorption. However, lower values for platelet deposition from a perfusate might be ascribed to a favourable protein adsorption. influenced by the anticoagulant. Citrate binds extracellular calcium and this may affect platelet functions".
For this reason, Ca2+ ionophore was added to the perfusate to increase the sensitivity of the test system. Ca*+ ionophore increases intracellular calcium levels, thereby activating the platelets'*. Again the platelet deposition to Pell 80A_MeOH/PEO/DCP was negligible, but an increased platelet deposition to Pell80A was found (Figures 3 and 4) . Thus, in experiments with perfusates containing titrated plasma, small differences in the reactivity of biomaterials towards platelets might be masked by the presence of citrate.
A comment should be made on the increased platelet deposition to Pell 80A after rinsing with methanol. As discussed before, this washing procedure was an essential condition for a good grafting of PEO and MPEGMA-400 on
